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Introduction
Osteoid osteoma (OO) was first described by Jaffe in 1935. 1 It is an uncommon osteoblastic lesion of the bone that accounts for about 10% of all benign bone tumours and 5% of all primary bone tumours. 2, 3 Osteoid osteoma has not been shown to undergo malignant change but can progress into an osteoblastoma, which is defined as an OO larger than 15 mm. 4 OO is commonly characterised as having a well-demarcated core (nidus) measuring less than 10 mm in diameter, and a distinctive surrounding zone of reactive bone formation. 5 The OO nidus contains vascular osteoid tissue, which may show mineralisation. 6 This is not the case, however, when presenting in the foot.
It is not commonly found in the foot, less so in the phalanges of the toes. 7 Despite this lesion not being influenced by trauma, when it occurs in children, parents often give a history of a traumatic episode. The radiographic appearance in the foot is also very atypical. This results in delayed or misdiagnosis of the condition.
The differential diagnosis in these cases includes Garre's osteomyelitis (chronic sclerosing osteomyelitis), Brodie's abscess, stress fracture, tarsal coalition, trauma, osteonecrosis, and inflammatory arthritis. 8 We describe the case of an OO involving the left hallux of an 8-year-old girl.
Case study
An 8-year-old girl presented with a one-year history of left hallux pain. She had visited her general practitioner (GP) a couple of months' prior for this problem. The GP diagnosed her with an ingrown toenail and managed it accordingly. Her symptoms did not resolve and thus the parents sought a second opinion. With regards to the history of her symptoms, the parents first noticed that her left hallux was larger than the right. She then started experiencing intermittent pain, which became progressively more frequent. The pain was worse after her ballet lessons. She would use nonsteroidal anti-inflammatory drugs (NSAIDs) on occasion, which helped significantly with the pain.
On clinical examination she had a normal gait. The left hallux was significantly larger than the right. The skin was erythematous, with no increased local temperature. There was mild tenderness on deep palpation. Range of motion in the metatarsal phalangeal (MP) and interphalangeal (IP) joints was normal with no pain. The foot was neurovascularly intact.
X-rays of the left hallux showed a small oval lytic lesion in the distal phalanx with a central nidus ( Figure 1 ). Blood investigations showed no signs of infection.
CT scan of the left foot demonstrated soft tissue hypertrophy around the left hallux. There was a benign-looking rounded radiolucent lesion with a central calcified nidus measuring 4 mm Consent was obtained for an excisional biopsy of the lesion. The tumour was approached through a dorsolateral incision. The periosteum was found to be normal on inspection. The lesion was identified under image intensifier and curetted out through a small bony window. Specimens were sent for histology. She was managed in a post-operative shoe. Her symptoms resolved dramatically post-operatively.
Histology reported the presence of irregular bone trabeculae, showing a haphazard orientation. Evidence of osteoid formation was noted. There was associated osteoblastic rimming ( Figure 3) . The diagnosis of OO was confirmed.
At 6 weeks follow-up she had no symptoms and had resumed ballet. X-rays were repeated at 12 weeks post-surgery, which showed no central nidus ( Figure 4) .
She was contacted nine years after surgery for review. She reported no recurrence of the symptoms in the left hallux. Currently she performs modern dancing with no discomfort. The left hallux has the same shape and size as the right hallux. Range of motion in the MP and IP joints is normal. There is no tenderness.
Repeat CT scan showed complete resolution of the OO.
Discussion
Osteoid osteoma is a benign osteogenic tumour measuring less than 15 mm in diameter; if larger than this it is referred to as an osteoblastoma. 1, 9 It accounts for 10% of all benign bone tumours. They are commonly found in the long bones of the lower extremity at the meta-diaphyseal region. 6 More than 50% occur in the femur and tibia. The proximal femur is the most common site of occurrence. 10, 11 In the foot it mainly occurs in the small bones, with an incidence between 2% to 11% (Freiberger et al.) . The talus is the most commonly affected small bone in the foot, followed by the calcaneus. 7, 12 The incidence of OO in the phalanges of the foot is as low as 1-2% of all foot cases. 11 It occurs predominantly in children and young adults, 2,10 with a peak incidence in the second decade. 13 The male-to-female ratio is reported at about 3:1. 10 The classic clinical presentation is that of circumscribed pain that starts off being intermittent and progresses to a constant pain. Frequently the pain is described as being worse at night. 8 The intensity of the pain is usually not affected by the patient's activity level. 14 This localised pain is typically relieved by NSAIDs, such as aspirin. This response is often used as part of the diagnostic criteria for OO. The pain caused by these tumours results from the production of large amounts of prostaglandins (PG), which affects this vascular tumour. This is thought to be the reason that NSAIDS are effective in relieving pain in these patients. 15 For the same reason alcohol, which is a vasodilator, may precipitate an acute pain crisis. 8 Up to a one thousand-fold rise of PGE2 synthesis has been demonstrated in these tumours. 16 Schulman et al. identified nerve fibres within the vascular matrix of the nidus in 16 of 18 lesions he studied. They concluded that pain might be mediated by the autonomic nervous system via those fibres, which are sensitive to changes in vascular pressure. 17, 18 These nerve fibres are not seen in an osteoblastoma, and thus used as a histological differentiation from OO. Others feel that the extremely vascular nature of the lesion increases intraosseous tension and oedema, causing pain by direct stimulation of these nerves surrounding the perinidal vessels. 19 When occurring in the toes, it often causes a fusiform soft tissue swelling and local tenderness, which is atypical for OO. This enlargement of the toe is difficult to distinguish from digital hypertrophy due to chronic infection or myxoedema. There will often be associated vasomotor disturbances in the overlying skin, resulting in erythema, increased local temperature and sweating. 7 When in close proximity to a joint referred pain can occur, together with reduced range of motion and adjacent muscle atrophy or spasm. 7, 13 A reactive synovitis and effusion may occur which can simulate arthritis. 13, 18 These lesions mimic inflammatory arthritis or other intra-articular abnormalities. 20 Clubbing is seen when the lesion occurs in the distal phalanx of the fingers and toes; this is supposedly due to the increased vascularity of this tumour. 7 In children growth disturbances can occur if the lesion occurs close to an open physis. 21, 22 
X-rays
It is classically described as a single oval lytic lesion with a border of reactive sclerosis. 10 Osteoid osteoma is classified according to its radiographic location, into cortical (66%-75% of cases), cancellous and subperiosteal, each with its own distinct radiographic features. 10, 13 The cortical OO is characterised by a subcortical, 10 mm in diameter area of radiolucency with dense adjacent bone sclerosis and periosteal reaction. The cancellous type is similar to the cortical but lacks the well-defined sclerotic rim and periosteal reaction. 10 Bony expansion and endosteal cortical thickening may be present. 19 The absence of periosteal reaction in intra-articular lesions makes the diagnosis difficult. The subperiosteal OO presents as a juxtacortical soft-tissue mass eroding the cortex with almost no reactive sclerosis. It can on occasion induce periosteal new bone formation. 7 The cancellous and subperiosteal varieties are mostly prevalent in the small bones of hands and feet, especially the lesser toes. 10, 11 Tomograms can also be helpful, especially in the subperiosteal type.
Computed tomography scans
Computed tomography (CT) scan is suggested as the investigation of choice for diagnosing OO. Computed tomography visualises the radiolucent low-attenuation nidus with a smooth inner surface of perinidal sclerosis, and the radiodense central calcification. 6 This central calcification represents the osteoblastic centre of the lesion. 10 The nidus is best localised with CT slices that are 1 to 2 mm thick, and the window settings adjusted so that the dense reaction around the lesion does not obscure the small, low-density nidus.
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MRI
MRI visualises the nidus as intermediate-to-low signal intensity on T1W SE and intermediate-to-high signal intensity on T2W FSE, PDW or STIR sequences. The lesion is better visualised on T1-weighted images due to the hyperintense marrow oedema found around the nidus. 6 This bone marrow oedema may help differentiate OO from inflammatory arthropathy. The difficulty in diagnosing an osteoid osteoma in the foot is that the cancellous bone around the lesion has an increased signal, which can mimic osteomyelitis with a Brodie abscess.
14 In a recent article, the use of dynamic gadolinium-enhanced MRI has been suggested for the diagnosis of OO in atypical locations. Davies et al. showed that 35% of OO tumours could be missed if investigated by MRI alone. 6 Clarke et al. showed that in the absence of an identifiable nidus and the presence of oedema localised to a specific bone together with soft tissue oedema, OO should be the primary differential and investigated further with a computed tomography (CT) scan. 5 MRI is especially difficult to interpret in subperiosteal OO due to the extensive soft tissue oedema.
Bone scan
Bone scan is an investigation which could help identify the OO. Due to its osteoblastic nature there is an intense uptake of the radionuclide marker by the lesion. This shows up as a typical 'hot spot' on a bone scan.
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Pathology
The macroscopic appearance of the lesion is a small, round or oval, mass of tissue, that can be soft, rubbery or granular in texture. It is red or brownish in colour, which can change to yellowish-white in the presence of calcification. The lesion can be easily removed from its osseous bed. 7 It contains a variable amount of ossification with a zone of reactive sclerosis. 23 Histologic examination shows an interlacing network of osteoid trabeculae within vascular fibrous connective tissue, accompanied by benign multinucleated giant cells, and well-differentiated osteoblasts. 7, 10 This makes up the radiolucent zone around the nidus. The perinidal sclerotic zone consists of mineralised bone with either dense cortical bone in the cortical type OO, thickened trabecular bone in the cancellous type OO, or abundant localised periosteal new bone formation in the subperiosteal osteoid type OO.
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Treatment
A detailed history from the patient and a high index of clinical suspicion are needed by the treating physician in order to correctly diagnose this condition and manage it accordingly without too much delay. 10 There is literature describing conservative management of OO. This consists mainly of symptomatic relief with NSAIDs. Osteoid osteoma has been shown to resolve after a mean period of 3-4 years. However most OO tumours are removed within 1 to 2 years due to the progressive intensity of pain and associated symptoms. 24 As a result, the natural history of untreated OO is only partially known. 14, 15 Surgical management consists of open resection with intralesional, marginal or wide surgical margins. 8, 18 However, en bloc excision is advised. Surgical excision has the advantages of allowing histological examination and confirmation so as to ensure complete excision. In appendicular lesions where the lesion is within 15 mm of the neurovascular bundle, surgical excision is preferred. Most patients describe immediate relief of symptoms directly after surgery. Recurrence is rare if the lesion is completely removed. 11, 25 Intra-operative bone scan can be used to assess if the lesion has been removed. Radioisotope is administered to the patient 4 hours prior to surgery. The removed lesion is then screened in theatre; if correct, the excised bone will appear 'hot'. 2, 4, 13, 26, 27 Bone graft can be used to fill the defect, but is not usually necessary due to the small size of the lesion.
Modern management options consist of CT-guided percutaneous treatment, with both radiofrequency ablation or laser photocoagulation. The benefits of these techniques are that they are minimally invasive, safe and effective. 6, 28 Osteoid osteoma can be very difficult to localise in surgery and thus has made this method increasingly favourable. 29 A CT-guided biopsy is performed first to confirm diagnosis. The use of radiofrequency ablation for the treatment of OO was first described by Rosenthal et al. 30 The technique consists of using high frequency alternating current at 500 000 Hz, transmitted through a special probe into the lesion under CT guidance. This induces local ionic agitation and frictional heat in the lesion causing coagulation necrosis. Bone loss is kept to a minimum preventing significant structural weakening. 18 This is particularly useful in juxta-articular foot lesions. Complications associated with radiofrequency ablation are recurrence and damage to neighbouring neurovascular structures, particularly if ablating cancellous bone. 11
Conclusion
Osteoid osteoma is a benign tumour occurring mainly in the long bones of the lower limb. It is classically described radiographically as a radiolucent nidus smaller than 15 mm with surrounding cortical bone. This is true for the common cortical OO. The less common cancellous and subperiosteal types do not have the classic sclerotic border. These two types are commonly found in the foot. This variable clinical and radiological picture makes early diagnosis difficult. Juxta-articular OO causes referred joint pain resembling arthralgia. The treating physician requires a high index of suspicion, and a CT scan should be ordered if suspected so as not to delay appropriate management. Management consists of surgical excision or newer, less invasive CT-guided ablation. Histopathological confirmation should be obtained on all suspected lesions. Adequate resection results in complete resolution.
